ABSTRACT: Centrifugation of aspirated synovial fluid before leukocytes esterase (LE) testing for diagnosing periprosthetic joint infection (PJI) may make blood tinged specimens interpretable. We aimed to establish the proper sampling depth of centrifuged specimens for LE testing as one diagnostic criterion and also AS-D chloroacetate esterase (CAE) staining testing as an adjunctive tool. A definite PJI knee joint group and an aseptic primary total knee arthroplasty control group were studied quasi-experimentally (N ¼ 46). At 2,000 g for 15 min, 3 ml of synovial fluid was centrifuged. LE strip testing and median synovial WBC count were performed at 2, 4, and 6 mm depths. CAE staining test characterized LE particles. ROC curve, area under the curve, and significant differences were determined. The proper predictive depth to diagnose PJI was sought by forward stepwise logistic regression. All fresh bloodtinged specimens had uncertain interpretations. Centrifugation increased interpretability (55-100%). ROC curve and area under the curve at 2, 4, and 6 mm depths were 0.822, 0.804, and 0.786, respectively. The cut point of þþ to diagnose PJI was statistically significant (p < 0.05) at all depths. p-values of forward stepwise logistic regression at 2, 4, and 6 mm were 0.001, 0.752, and 0.756, respectively. CAE staining confirmed extracellular LE release by polymorphonuclear neutrophils (PMN). A specimen at <2 mm from the surface of centrifuged synovial fluid at a grading of þþ or more for PJI diagnosis is proper for LE testing. CAE staining testing adjunctively characterizes LE particles and cell morphology. ß
Periprosthetic joint infection (PJI) is a serious complication after primary total knee arthroplasty, which needs specialized medical management and is associated with high treatment costs. Early and accurate diagnosis is essential. Leukocyte esterase (LE) testing has also been a diagnostic tool for various infected body fluids with varying success. [1] [2] [3] [4] [5] [6] [7] [8] [9] Several studies have evaluated the efficacy of LE strip test to diagnose PJI. [10] [11] [12] [13] [14] Sensitivities of 81-93% and specificities of 87-100% have been reported. 10, 11, 14, 15 However, blood-staining of synovial fluid may cause inaccurate readings that centrifugation could eliminate. To date, no study has sufficiently assessed whether 2,000g, 15-min centrifugation affects LE strip test results. 14, 16, 17 Centrifuged synovial fluid forms three layers in ascending order: red cells, the buffy coat, and serum. Centrifugation could prevent red blood cell contamination, eliminating unreadable results. Centrifuged supernatant of synovial fluid combined with blood was reported to give similar LE test results to the premixed specimen although the proper level of supernatant part was not mentioned. 14 It is expected that centrifugation may also concentrate most extracellular LE near the buffy coat, yielding more positive LE strip test results. Different sampling depths may therefore affect the LE test results.
Naphthol AS-D chloroacetate esterase (CAE) staining demonstrates LE cytologically. [18] [19] [20] [21] [22] It detects blast cells to diagnose types of leukemia. 20, 22 CAE staining also demonstrated that more than five PMN/HPF of periprosthetic tissue is too high an index for the diagnosis of PJI. 23 CAE staining may identify and count polymorphs, particularly in unevenly distributed polymorph infiltration. CAE staining could assist the diagnostic process, and might eliminate the limitation of the LE testing.
Our study aims to establish the proper sampling depth for LE strip testing for PJI of 2,000g, 15-min centrifuged synovial fluid and CAE staining testing as an adjunctive diagnostic tool in all samples because CAE staining might show how the LE particle localize in the centrifuged synovial fluid.
MATERIALS AND METHODS
A pre-and post-test, quasi-experimental study was conducted from January, 2015 to 2016. The Institutional Review Board approved study protocol. Informed consent was obtained from all participants.
Primary knee arthroplasty patients and clinically suspected PJI patients were invited to participate. The diagnostic criteria from the International Consensus Meeting (ICM) were used. 24 There are two major criteria: (i) two positive periprosthetic cultures with phenotypically identical organisms and (ii) the presence of a sinus tract communicating with the joint, and five minor criteria: (i) elevated serum Creactive protein (CRP) and erythrocyte sedimentation rate (ESR); (ii) elevated synovial fluid white blood cell (WBC) count; (iii) þþ change on LE test strip and elevated synovial fluid polymorphonuclear neutrophil percentage (PMN %); (iv) a single positive culture; and (v) positive histological analysis of periprosthetic tissue. A definite PJI is diagnosed by one major or three minor criteria.
Patients were allocated into an aseptic group, patients undergoing primary knee arthroplasty, and a PJI group, definite PJI patients according to the aforementioned criteria. If clinically suspected PJI cases did not meet ICM criteria after intraoperative assessment, it was subsequently classified into the aseptic group and included in the statistical analysis.
Synovial fluid from the aseptic group was aspirated intraoperatively with an 18-gauge needle before arthrotomy. Synovial fluid from the PJI group was aspirated in orthopedic outpatient clinic. Any fresh blood specimens obtained were discarded.
We performed immediate LE testing with a standard chemical strip (Chemstrip 10 urine test strip; Roche Diagnostics, Indianapolis, Indiana). Two sterilized tubes, Fresh1 and Fresh2, each containing 3 ml of synovial fluid were transported to the laboratory within 15 min. LE testing was repeated at laboratory arrival to confirm internal validity after transfer. All samples were centrifuged at 2,000g for 15 min (Eppendorf centrifuge 5,702 and Fixed-angle-rotor F-35-30-17 with a maximum rotational speed of 4,400 rpm, and a maximum Rcf of 2,750g). Fresh1 was tested by LE strip test within 1 h of laboratory arrival. Fresh2 was tested for WBC with differential counts and CAE testing within 1 day ( Figs. 1 and 2) .
Supernatant of centrifuged synovial fluid for LE testing was sampled at 2, 4, and 6 mm depths from the surface. We measured the depth of specimen between the tip of a 10 ml standard Pasteur pipette and the surface of the specimen (Fig. 3B ). Ten microliters of Fresh2 from each depth was dropped on one coverslip. These were dried and stored in a storage room cabinet (25-35˚C) for stability tests at 1 week. The buffy coat of Fresh2 was also smeared on coverslips for CAE studies (SIGMA, Specific Esterase kit, St. Louis, MO). CAE staining was conducted to verify LE stability in positive cases.
Tests were conducted at the Clinical Pathology and Hematology Department. Investigators blinded to clinical data and diagnosis interpreted laboratory results. External characteristics of the synovial fluid specimen could not be masked.
All study results with timings noted, and relevant clinical data from patient records including serum studies and perioperative cultures were computerized. Total sample size was calculated by Epi Info version seven at a minimum of 44 specimens (22 per group) based on a Parvizi's study, 10 a 85% sensitivity and 15% allowable error. Data analysis was done by SPSS (version 18). Descriptive statistics summarized the data. ROC curve and area under the curve at 2, 4, and 6 mm depths were plotted, analyzed, and compared to find the proper depth for diagnosing PJI. Chi-square test was conducted to prove if the LE strip test result that had the greatest median synovial WBC count (cells/ml) was significantly different from other results in each depth. A p-value of 0.05 was considered significant. Forward stepwise logistic regression at each depth was used to find the best predictor to diagnose PJI.
RESULTS
The investigators collected data until 46 patients had been enrolled. Specimens were collected from all patients and sent for the intervention. There were no missing or incomplete data.
Patient and their specimen characteristics are shown in Table 1 . Of the total of 46 participants, 35 (76%) were female. The mean age of participants was 69 AE 8.547 years. Twenty-one specimens (45%) that were attempted to be interpreted immediately were classified as uncertain interpretation due to bloodtinged (or red-colored) specimens. The attempted interpretations of the blood-tinged specimens were performed according to the color reference for þ, þþ, þþþ for LE strip results. After subgroup analysis, there were 10 cases diagnosed as definite PJI from 21 blood-tinged specimens. Twenty-five specimens (55%) were analyzed immediately. There were 17 (37%) definite PJI case specimens and 29 (63%) aseptic case specimens. Eight of 17 (47%) confirmed PJI cases were diagnosed from two positive cultures. Six cases (28%) of methicillin-sensitive Staphylococcus aureus (MSSA) Figure 1 . ROC curve at 2, 4, and 6 mm depths from the surface of 3 ml of 2,000g centrifuged synovial fluid. and two cases (10%) of coagulase-negative Staphylococcus were found. The specimens underwent study testing within the times specified by the study protocol.
Pre-and post-laboratory transfer LE test results were 100% concordant. LE strip test and CAE staining test results were concordant at 1 week of storage. All centrifuged specimens were analyzed by the LE strip testing. Six cases (13%) decreased in LE result positivity between immediate and centrifuged testing.
Negative tests in the aseptic group were consistently 31% at immediate testing and all depths of sampling (9/29 cases). Percentages of þ and þþ results from 2 to 4 mm were quite similar at immediate and centrifuged samples. However, the 6 mm level showed a higher proportion of false positives. The þþ results from the aseptic group at 6 mm depth showed 8/29 cases were false positives compared with 3/29 cases of þþ results at 2 and 4 mm. There were no false positive results at any depths (Table 1) .
When only a þþ reading was considered positive, the centrifuged LE test at levels 2 and 4 mm depth had 94.1% sensitive (95% confidence interval [CI], 71.3-99.8%), and 89.6% specific (95%CI, 72.6-97.8%), with a positive predictive value (PPV) of 84.2% (95% CI, 64.4-94.0%), a negative predictive value (NPV) of 96.3% (95%CI, 79.5-99.4%), and 91% accuracy. While the centrifuged LE test at level 6 mm depth had 94.1% sensitive (95%CI, 71.3-99.8%) and 72.4% specific (95% CI, 52.7-87.2%), with a PPV of 66.6% (95%CI, 52.3-78.5%), a NPV of 95.4% (95% CI, 75.6-99.3%), and 80% accuracy.
The median synovial WBC count of tested samples is shown in Table 2 . All of fresh 2, 4, and 6 mm depth samples read as a negative LE strip test result had a median synovial WBC count of 11.3, 11.3, and 14.5 cells/ml. Reference values in the PJI diagnostic criterion of synovial WBC count for acute PJI case is >10,000 cells/ml and for chronic cases is >3,000 cells/ ml. Results of þþþ were only found at a 6 mm depth. All þþ and þþþ samples had a median synovial WBC p-values from forward stepwise logistic regression at 2, 4, and 6 mm were 0.001, 0.752, and 0.756, respectively ( Table 3) .
The 17 definite PJI case specimens had synovial WBC count >3,000 cells/ml. Of 17 definite PJI cases, there were 8 (47.1%) positive cultures and 9 (52.9%) negative cultures. The median ESR of definite PJI cases was 66.5 mm/h, and the median CRP was 50.6 mg/l.
Sixty-six percent of aseptic patients had synovial WBC count <3,000 cells/ml and 34.5% of all patients had a synovial WBC count >3,000 cells/ml, mean ESR of 17 mm/h, and CRP of 1.17 mg/l. CAE enzyme stability was studied in Fresh2 synovial fluid. LE strip testing was performed in Fresh2 CAE, storage-dry CAE, and the buffy coat kept for 1-12 week at storage room temperature (25-35˚C) . The positive LE strip test results of Fresh2 CAE, storage CAE, and the buffy coat were all þþ, unchanged from the initial results.
The correlation coefficient of Fresh2 CAE and storage CAE, and the buffy coat was R ¼ 0.54 (p ¼ 0.008), showing significant correlation between all tests. The buffy coat positive LE strip test results were stronger than both the fresh and storage CAE with medians of þþþ, þþ, and þþ, respectively. LE strip test results of Fresh and storage CAE were also significantly correlated (R ¼ 0.55) (p ¼ 0.006).
CAE staining testing detected neutrophils, mast cells, histiocytes, macrophages, PMNs, giant PMNs, degraded PMNs, lymphocytes, dead cells, and fragmented red blood cells (Figs. 4 and 5) . Culture positive cases predominantly caused by Staphylococcus aureus had abundant macrophages with phagocytic activity in 83.3% of active infection cases. Stain intensity was mostly þþ or þþþ. Mast cells that are usually found in inflammatory or autoimmune conditions, degranulation and exocytosis indicating acute allergic reaction, and piecemeal degranulation indicating chronic inflammation were also seen (Fig. 5) .
DISCUSSION
PJI is a diagnosis that comes with many potentially serious consequences. Infected prosthetic joints need to be replaced, requiring additional and difficult operations that are a costly burden to health care resources. These operations are also unpleasant for the patient. Making accurate diagnosis is therefore of paramount importance. Many studies have proven that the LE strip testing has a high sensitivity and specificity in diagnosing PJI, [10] [11] [12] [13] [14] [15] making it a minor diagnostic criterion. 24 Aggarwal et al. reported that centrifugation could eliminate contaminating blood from uninterpretable LE test. They centrifuged synovial fluid mixed with the blood of the patient whereas we aspirated the blood-tinged synovial fluid from patients. Unfortunately, no mention of the appropriate Fresh, fresh specimen without centrifugation; n mm, specimen was obtained at n mm from the surface of centrifuged synovial fluid. level of synovial fluid, the exact details of study design, and cohort characteristics were reported. 14 We hypothesized that centrifugation of synovial fluid at 2,000g for 15 min would eliminate bloodstaining interfering with LE strip test reading synovial fluid. Centrifugation at 2,000g for 15 min of 3 ml of synovial fluid increased LE strip test interpretability to 100%. A more accurate strip color facilitated comparison to the reference color.
We aimed to find the most appropriate depth between 2, 4, and 6 mm to diagnose PJI. At 2 and 4 mm LE tests had higher specificity, PPV, NPV, and accuracy compared to results at 6 mm. Both ROC curve and area under the curve and forward stepwise logistic regression demonstrated that 2 mm was the proper depth for diagnosing PJI because this depth had the greatest area under the curve at 0.822. Specimens acquired at the level of 2 mm caused the fewest false positive LE test results and no false negative results. This could be because the buffy coat layer of the centrifuged synovial fluid consisted of too many PMNs that could have contributed to false positive results. Too close a distance from the buffy coat layer or too deep a distance from the surface could therefore have delivered more false positive LE test results, which was seen in the results retrieved from specimens at the levels of 4 and 6 mm from the surface. The LE result of þþ was also significantly different from other results at all depths and should be used as the cut-off point value to diagnose PJI. This finding from our study was consistent with the ICM diagnostic criteria.
LE stability was proven in both blood and marrow smears kept unfixed for more than 1 year. 20 In our study, similar medians of þþ positive LE test results between fresh and stored synovial fluid samples along with a correlation coefficient of R ¼ 0.55 (p ¼ 0.006) proved LE stability after 1-2 weeks of storage room temperatures (25-35˚C). Thus, LE strip testing can be performed on specimens stored for up to 2 weeks. This is another novel disclosure.
In this study, we also conducted CAE staining testing to study the morphology and quantity of cells to prove that LE was secreted from PMNs in the buffy coat layer 25, 26 . A positive CAE staining test visualized red granules inside neutrophils (Figs. 4 and 5) .
Both the CAE staining and LE strip testing in our study could show the presence of the enzyme (Fig. 5) with a correlation coefficient of R ¼ 0.54 (p ¼ 0.008). From the CAE staining, we found a positive red stain both in the granules of neutrophils (intracellular) and red particles (extracellular) (Fig. 4) . This is similar to the positive results found in both the supernatant (extracellular) and the buffy coat (intracellular) part of synovial fluid from the LE test. We have thus confirmed that LE is an intracellular and extracellular enzyme that is secreted into synovial fluid. This correlation was statistically confirmed.
Furthermore, many kinds of other cell types were demonstrated in the positive tests. Cases with numerous phagocytic macrophages showed positive cultures for Staphylococcus aureus and coagulase-negative Staphylococcus. þþ LE strip test results were also detected in all of these cases and were thus diagnosed as definite PJI. This new association was marked. Definite PJI cases also showed mast cells and piecemeal degranulation. However, we could not determine the nature of their association with PJI.
Our method might nevertheless not be suitable during surgical intervention because delivering results normally takes about 2 h. It would therefore prolong general anesthesia, which could lead to a more serious complication.
Our study had some limitations. Because of the multi-factorial nature of PJI diagnosed using multiple criteria with extreme variations between patients and the small number of PJI cases with positive cultures, we could not conclude that the findings of macrophages with phagocytic activity in CAE testing were correlated with positive culture PJI. Studies with more positive-culture PJI cases are needed.
CAE staining testing may have also been limited by inter-observer variance due to the high technical skill demands of the technique. Thus, the simplicity of the LE testing after centrifugation may produce immediate and more readily available results.
CONCLUSION
This study is the first proof that depth of centrifuged synovial fluid specimen affects LE test results. We recommend that the level of equal to or less than 2 mm from surface be used for LE test to diagnose PJI. CAE staining testing adjunctively characterizes LE particles and cell morphology. 
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